24,760 FRATANTONI ET AL' TORTUGAS EDDIES IN THE STRAITS OF FLORIDA
hypotheses about their formation and evolution have been proposed. Our results, based primarily on satellite measurements, provide new information about the formation, evolution, and translation of these features. Specifically, the data suggest that the Tortugas eddies evolve from cyclonic frontal eddies which form along the edge of the Loop Current (LC) in the Gulf of Mexico.
Here we describe the evolution of six Tortugas eddies over a 3-year period spanning 1993 through 1996, using daily sea surface temperature fields derived from advanced very high resolution radiometer (AVHRR) . After a ring separates, the LC may take several months to reestablish its anticyclonic circulation in the northeastern Gulf of Mexico. However, occasionally, anticyclonic rings with diameters less than 250 km separate from the LC and do not produce a significant change in the northern position of the LC boundary [Vukovich, 1995] . In this scenario, the current still penetrates into the northeastern Gulf of Mexico, even after the ring has separated. The northward penetration of the LC has significant year-to-year variability with a mean period around 8.5 months [Sturges, 1992] .
Early observational programs in the Gulf of Mexico were primarily focused on quantifying the cycle of northward penetration and anticyclonic ring shedding by the LC. However, observations revealed a wide range of smaller-scale features that were related to the large-scale processes. For instance, Leipper [1970] investigated current patterns in the northeastern Gulf of Mexico and found meanders and eddies located along the northern and eastern edges of the LC. This led to the first evidence that anticyclonic ring shedding may be preceded by the westward propagation of cyclonic eddies across the Yucatan Channel [Cochrane, 1972] . [ Vukovich and Maul, 1985] . Surprisingly, in 10 years of observations, the features were never observed moving into the SSF. Once the perturbations reached the Dry Tortugas, they either dissipated or grew westward, across the width of the LC. Vukovich and Maul [1985] postulated that dissipation of LCFEs may involve kinetic energy transfer to the mean flow, similar to the behavior of spin-off eddies described by Lee [1975] To summarize, cyclonic eddies are common along the outer LC boundary, and observations have suggested that they may be important in the LC anticyclonic ringshedding process. Model studies and observations suggest that these LCFEs form along the northward flowing branch of the LC and grow in an unstable manner as they propagate downstream. There are no prior published reports suggesting that these eddies propagate into the SSE upon reaching the Dry Tortugas. In order to enhance the existing gradients in the SST fields, the data were subjected to a series of processing steps. First, clouds were identified and flagged using a combination of spatial homogeneity tests and SST thresholds. Second, the images were examined for partial coverage resulting from being on the edge of the scan of the satellite and for distortion during satellite passes with wide scan angles. The polar-orbiting satellites provided up to two passes per day, per satellite. During the study period there were at least two operational satellites at all times, providing up to four passes per day. With a few exceptions, during most summer months (June -September) Tortugas eddies were undetectable in the SST observations. The final processed data included 1898 images, corresponding to wintertime observations between the months of October and May, which were used to identify and track oceanic features such as Tortugas eddies. along each staff were used to derive various quantities that describe the first-order characteristics of the eddies as they propagated through the SSF. These quantities included translation speed, along-channel and crosschannel sizes, and eddy frequency and duration. Limitations exist due to the spatial and temporal discontinuities inherent in the SST fields due to cloud cover and undetectable gradients during summer months. Examination of the entire 3-year record of SST fields revealed the evolution of 11 Tortugas eddies. However, the detailed evolution of only six of these eddies is described here. The remaining five eddies were not examined, as the quality of the data was not consistently clear enough in order to detail their evolution. Table 1 shows the time frame in which each of the six eddies discussed herein were observed in the SSF. For convenience, we refer to specific eddies in the text according to the eddy number assigned in the first column of Table 1 . All six of the Tortugas eddies that were tracked using the SST observations remained stationary near the entrance to the SSF until they were impacted by a LCFE. However, two distinct circulation patterns were recurrent in the Gulf of Mexico, which had an effect on the continued evolution of the Tortugas eddies. Each mode involved a different phase in the anticyclonic ringshedding cycle by the LC and is summarized by the schematic illustration in Figure 3 . The first begins with a stationary Tortugas eddy near the Dry Tortugas. In The quantities reported for each eddy are representative of (1) the evolutionary mode, described in section 4; (2) In the following sections we describe both modes in more detail as they correspond to the continual evolution of the six eddies identified in the SST observations. For convenience, eddies that were observed during mode (Figure 1) . IC is possible thaC because the meander crest was trapped over the west Florida Shelf in the form of a warm tongue, the Tortugas eddy was unable Co translace coherenCly into the SSF and the direct, swift flow of the FC dissipated the eddy through shear stresses. 
Downstream in the SSE

Discussion
The lifetime of a Tortugas eddy may be controlled by several geographic and oceanographic factors. However, the most important factor appears to be the eddy's relationship with the LC and its anticyclonic ring-shedding cycle. For instance, it appears from the SST observations that Tortugas eddies require the impact of an LCFE to initiate their movement into the SSF. Each eddy was forced into the SSF by an LCFE of comparable size which quickly replaced the displaced Tortugas eddy. In the absence of an LCFE, all six Tortugas eddies remained stationary near the Dry Tortugas. The number of eddies that we have actually described here is significantly less than the numbers predicted above. However, up to three additional eddies were identified in the SST fields prior to the appearance of eddy i in January 1994 and two eddies were identified prior to the appearance of eddy 3 in January 1995. These eddies were not described in detail here because the quality of the data between October and January was not consistently clear enough in order to detail their evolution. However, taking into account these additional eddies, the total number of eddies that we identified during the 24 months is 11. This 
